Abstract Carcinoembryonic antigen (CEA) is an important deterministic factor in predicting colorectal carcinoma (CRC) progression. It is also evident that microsatellite instability (MSI) which results in a hypermutable phenotype of genomic DNA is common in CRC. Owing to the scarcity of reports from India, our aim of this study was to understand the clinicopathological correlations of CEA status with surgery and chemotherapy, correlate the same with socio-demographic status of the patients, determine the MSI status amongst them and understand the prognostic implications of CEA and MSI as CRC progression marker amongst patients. The serum CEA level was estimated by chemiluminescence assay (CLIA). Serum liver enzyme assay was carried out following the manufacturer's instructions using auto-analysers (E. Merck and Sera mol. Health Care, India). MSI analysis was carried out by PCR-SSCP. From our study, most frequently detected colorectal cancer was in 40-49 years age group (25.26%) with 61.05% male and 38.95% females. CEA showed a significant association with higher TNM staging, tumour size, smoking habit and MSI status (p < 0.05) but not with sex and site of cancer (p > 0.05). After surgery and chemotherapy, CEA and WBCs were decreased significantly (p < 0.05), while liver enzymes did not change significantly (p > 0.05). Overall, microsatellite instability was observed in approximately 40% of the populations. From our study, it was also evident that for both, MSI and abnormal CEA level predicted poor prognosis for the patient (by using Kaplan-Meier survival analysis; p = 0.04). Thus, CEA and initial MSI status can be used as prognostic markers of CRC.
Introduction
Colorectal cancer (CRC) is the fourth most common cancer in men and the third most common for women worldwide [1] . During the past few decades, the incidence of CRC has increased two to four times in many Asian countries, with the concurrent etiological factors being genetic predisposition, physical activity, chemical exposure, high caloric intake and decreased intake of low-fibre diet [2] . A strong association exists between socio-demographic factors and selfevaluation of health status, lifestyle and environmental factors [3] . Thus, clinical assessment as well as cytology or histopathological examinations play a vital role in the management of CRC [4] . Carcinoembryonic antigen (CEA), a set of glycoproteins, normally found in foetal gastrointestinal tissue, is abundantly expressed in CRC and is widely used as a serum tumour marker of CRC [5] . Based on the TNM staging (i.e. Primary tumour, nodal status and metastases), CRC patients are grouped into four stages-stage I (within the subserosa, node-negative tumours), stage II (beyond the subserosa, nodenegative tumours), stage III (non-metastatic node-positive tumour) and stage IV (any metastasis).
Advanced tumour stages and risk of recurrence can be indicated by high pre-operative and pre-chemotherapeutic CEA level (>5 ng/ml). One aim of the present study was designed to assess the effect of surgical removal and chemotherapeutic treatment on the level of CEA and other liver enzymes, as in most of the cases of CRC, metastasis to liver has been reported leading to liver abnormality and elevated liver enzymes. To this effect, initial purpose of this study was to correlate CRC with several clinicopathological parameters viz. age groups, sex, site of cancer, dietary habits, CEA status, TNM staging and tumour size. This is also to evaluate the specificity and sensitivity of CEA as a diagnostic as well as a prognostic tool.
Defective DNA mismatch repair, a commonly found molecular alteration, results in microsatellite instability i.e. repeat length polymorphism of a microsatellite marker, resulting in DNA hypermutability. From previous study, prevalence of MSI was reported to be 12-15% of CRC patients [6] . MSI and locally advanced stage of CRC influence the role of CEA as a prognostic marker [7] .
To understand the contributing effect of MSI on CRC, blood DNA of a random set of 70 patients with or without high CEA and before surgery was screened for MSI status using conventional markers (Table S-I). Our study was aimed to analyse the role of CEA as well as high MSI status to be a prognostic marker for CRC amongst Eastern Indian patients.
Materials and Methods
This is an analytical, cross-sectional study. Ninety-five patients (aged between 18 years to above 70 years) were included in this study after confirmed endoscopic examinations leading to a diagnosis of CRC. Out of the 95 CRC patients, 70 were also taken for MSI analysis. A detailed clinical history was taken during the last 3 years i.e. from April 2012 to April 2015. Seventy subjects attending hospital for routine check-up and no abnormalities were included as control group.
During this study, the signs and symptoms of these patients have been critically observed along with their complete blood count and other blood parameters. These were performed at an interval of 2 weeks through routine check-up. The entire study was approved by the ethical committee of Netaji Subhas Chandra Bose Cancer Research Institute, Kolkata, following the guidelines given by Indian council of Medical Research. Consents were obtained from the patients before including them in the study.
Inclusion and Exclusion Criteria
Patients who were suffering from CRC, currently diagnosed by endoscopic examination and biopsy and who have not previously received any anticancer therapy were included in this study. Healthy subjects with or without any type of infections, other than CRC, or any other cancer were also taken for MSI analysis (n = 70) but were excluded from other analysis.
Chemotherapeutic Regimen
Combination of 5-fluorouracil (450 mg/m 2 ) and calleucovorin (20 mg/m 2 ) chemotherapeutic regimen was used daily for 5 days given by intravenous infusion, and the cycle was repeated every 28 days for 6 cycles.
Blood Sample Collection for Biochemical Study
Blood samples were taken from the patients 1 week before and after the surgery. For patients receiving chemotherapy after surgery, blood samples were collected after 1 week of the first cycle of chemotherapy.
Preliminary Haematological Study
Haematological parameters like red blood cell count (RBC), white blood cell count (WBC) and haemoglobin (Hb) were analysed in Sysmex-KX 21 (Selangor, Malaysia).
Serum Liver Enzyme Assay
Alanine transaminase (ALT), total serum bilirubin (TSB), alkaline phosphatase (ALP) and bilirubin levels were estimated, following the manufacturer's instructions using autoanalysers (E. Merck and Sera mol. Health Care, India).
CEA Level
The serum carcinoembryonic antigen (CEA) level was estimated by chemiluminescence assay (CLIA) using automated PC-RIA Mas Stratec (Germany), Beckman Coulter Access R 2 (USA), Beckman Coulter Uniccel™ DXI 600 (USA), AdviaCentaur R (Siemens, USA), AdviaCentaur R XP (Siemens, USA). The reference range was 5 ng/ml.
Histopathology
Histopathological tests were done in the laboratory with standard laboratory protocol by using 10% formalin as fixative and double stained with haematoxylin and eosin to study the cell morphology and tumour grade.
CT Scan
CT scan of whole abdomen (plain and contrast study) was done.
Blood DNA Isolation and MSI Analysis
Blood DNA isolation followed by MSI analysis of patients (n = 70) and healthy subjects (n = 70) was carried out by PCR-SSCP following Giannattasio et al. [8] and Faghani et al. [9] with little modifications. Briefly, 100 ng/μl DNA templates were used in a PCR mixture containing 10 pmol of each primer, 1.5-2 mM MgCl 2 and 1 U Taq polymerase. PCR amplification was performed by the following methods: denaturation at 94°C for 5 min, followed by 35 cycles, denaturation at 94°C for 30 s, annealing at 53°C for 30 s (for BAT 25), 45°C for 30 s (for BAT 26) and 55°C for 30 s (other markers), and extension at 72°C for 30 s with a final extension at 72°C for 7 min. The PCR products were checked for MSI status by running in 15% non-denaturing acrylamide (60: 1, acrylamide/bisacrylamide) gels followed by EtBr stain. Due to more sensitivity and specificity of mononucleotide markers than dinucleotide markers in identifying MMR-deficit cancers, the specific panel of mononucleotide markers was selected for our study [10, 11] . Table S-I indicates the markers used for MSI.
Statistical Analysis
The result of different biochemical assays was expressed as mean ± SEM (standard error of mean). Finally, statistical analysis was done by one-way ANOVA, Spearman correlation and receiver operating curve (ROC) using SPSS (Version 20). Mean value of CEA was determined by average ± 2 SD (standard deviation). For all comparisons, p < 0.05 was considered as level of significance. Overall survival (OS) was measured from the date of surgery to the date of most recent follow-up or death (up to 3 years) by using Kaplan-Meier survival analysis (Fig. 1) .
Results

Patient Demography
Out of the 95 CRC patients included in this study, 58 were males (61.05%) and 37 were females (38.95%). The age distribution of patients ranged from 18 years to above 70 years with peak age between 40 and 49 years (25.26%). The detailed age distribution of colorectal cancer patient is shown in Fig. S1 .
Among 95 cases, majority were from urban population (68.42%; n = 65) followed by rural population (31.58%; n = 30) cases (Table S-II) . Among the study population, 86 patients (90.53%) thrived on normal food containing fish, meat and vegetable (Table S- Prognostic factors of CRC not only act as a guide to overall prognosis but also determine the need for adjuvant therapy. These factors are interrelated. In the present study, tumour size (T), nodal status (N), grade of the tumour and serum CEA level were taken as prognostic factors (Tables 2, 3 , and 4). After surgery and subsequent first cycle of chemotherapy, Table 4) .
CEA as a Marker for CRC
The staging of CRC is crucial for optimal management of the disease. The mean value of CEA was 1.09 ± 1.95 (ranged from 0.86 to 3.04 ng/ml) for lower grade of CRC, while for grade II, grade III and grade IV patients, the mean serum CEA ranged from 5.69 ± 10.08 to 91 ± 124.12, respectively.
In addition, 95 patients with CRC were further investigated with a receiver operating curve (ROC) (Fig. S2) to evaluate whether the preoperative serum CEA level can be used as a marker of CRC recurrence. The area under ROC curve of CEA preoperative level was 0.979 (95%CI 0.957 to 1.000, p = 0.000); the sensitivity was 81% when the cut-off value was 5 ng/ml.
MSI Status
Out of the 70 patients screened for MSI, 40% presented with high MSI status (Table 1, Fig. 2 ) indicating repeat length polymorphism of STRs analysed here, arising from defects in mismatch repair pathways of DNA damage resulted in development of CRC in those patients. In our present study, a strong correlation was found between CEA and MSI status (p = 0.003) ( Table 1) . 
Survival Analysis
The Kaplan-Meier (K-M) survival analysis revealed poor prognosis of CRC patients with MSI positivity alone or along with high serum CEA (>5) than in patients with both unaltered or those with low CEA (<5) or (p value = 0.04).
Discussion
To the best of our knowledge, ours is the first report from Eastern India highlighting the implication of both MSI and CEA status in predicting patient outcome. In the present study, 95 cases of colorectal cancer patients were taken as the studied population. The majority of the previous studies from Western countries [12] showed a mean age of 60 years. Whereas in our study, the frequencies of colorectal cancer was 25.26% in the age group of 40-49 years followed by 22.1% cases in 50-59 years age group (Fig. S1 ). The mean age ± SEM of the study population was 46.35 ± 1.8. In our study, males (61.05%) were predominant than female (38.95%) ( Table 1) . Similar reports were observed in Western Countries [13] . This study revealed that CRC is mostly prevalent among urban population (68.42%) (Table S-II) which portrays the exact similar scenario of other study [14] . This may be the cause of dietary factor, distance barriers, economic factor and other resource constraints which reduce rural population to access primary health care.
In the past few years, CRC have experienced unprecedented boom in India. Although there have been great improvements in early detection and treatment of CRC, it remains an important public health problem. Modern research on the carcinogenesis mechanisms stimulate the investigation for molecular biomarkers which would help to provide better prognosis for disease advancement [15] . Carcinoembryonic antigen (CEA) remains the most studied contemporary tumour marker of colon cancer [16] . The prognostic value of CEA level is not yet clear, but many authors believe that CEA can be used as a supportive criterion to assess the colon cancer prognosis. From previous studies, we have come to know that high pre-operative CEA level indicates poor prognosis [17] . Another study by Ahmad et al. [18] revealed that CEA has implication in diagnosis of CRC. Thus, this study will help to gather more information to evaluate the usefulness of serum CEA level as a diagnostic as well as a prognostic tool. The reason behind lower prevalence of CEA in woman population might be attributed to their oestrogen status as it is evident that oestrogen may have a protective effect against the progression of CRC [19] . Sajid et al. [20] confirmed that the rate of smoking plays an important role in elevating the CEA levels which was also observed in the present study (Table 1) . Like previous reports [21] , our study also showed significant association between TNM staging and tumour size with the serum CEA level (p < 0.05) ( Table 1 ). This may be the cause of tumour vascularization with an increased possibility of occult systemic metastases. From our study, we have found that grade I CRC patients had threshold value of serum CEA of 0.86-3.04 ng/ml, while CEA level of 4.39-15.77, 16.86-69.84 and 33.12-215.12 ng/ml indicates grades II, III and IV, respectively. The correlations of serum CEA level threshold value with increasing CRC grade and stage can be a useful prognostic marker for CRC in Eastern India.
Microsatellite instability (MSI), another hallmark of CRC, has been found to be high in our study as well as in previous reports [22, 23] . Out of 70 samples screened for MSI, 6 were MSI-H (8.6%), 22 were MSI-L (31.4%) and 42 were MSI-S (60%). This indicated the emergence of MSI type CRCs in India. Halder et al. [24] reported a gradual increase of rightsided colon cancer in Eastern India, the factor that might contribute to the increased prevalence of MSI-type colon cancer. A previous study showed a positive correlation between MSI and CEA as a prognostic marker [25] , which is also reflected in our present study (p = 0.003) ( Table 1) . Thus, both MSI and CEA level can be used as a useful predicting marker of CRC. Concurrent with our findings, a strong association of CEA and MSI has also been previously reported in Søreide et al., indicating their prognostic implication in CRC detection [7] . In the present study, MSI status, however, did not show any correlation with age, sex, tumour size, stage, grade and node involvement (data not shown). This study also evaluated the level of CEA expression with MSI status in relation to recurrence and survival during 3 years follow-up. The Kaplan-Meier survival analysis showed positive MSI status and high preoperative CEA level in CRC patient to be associated with poor prognosis, indicating that both MSI and preoperative high CEA level are a necessary event for development of CRC (Fig. 1) .
After surgery and chemotherapy, there was a significant fall of WBC count, compared to the same in untreated CRC patients (Table 4) . In colon cancer, profuse neutrophil infiltration can contribute to initial high level of WBC count, which can get decreased after surgical removal of the tumour and even at a lower value upon chemotherapeutic interventions. In a previous study, Wang et al. [26] reported that increased neutrophil count can foster CRC progression through recruitment of proinflammatory cytokines like IL-1/IL-6. In the present study, although the WBC count had fallen after surgical removal of tumour, it remained within the normal range (Table 4) . Lee et al. [27] also figured out a strong association of increased WBC with CRC progression and increased mortality.
Liver function tests were done to detect liver metastasis. Unlike previous reports [28] , our data did not find any liver metastasis (Table 4) .
Thus, to conclude, our data showed that CEA as well as MSI can be used in monitoring disease progression. Initial CEA level and MSI status is needed for predicting CRC progression in day-to-day clinical practice.
Conclusions
Our data showed that high CEA (>5) has significant correlation with TNM staging, tumour size, smoking habit and MSI status (p = 0.00-0.013) and it is an important diagnostic as well as a prognostic marker in advanced stages of CRC. This study will also help to identify different stages of CRC with their cut-off value of CEA. Our data also showed that 40% of the CRC patients were MSI-positive categories and no distinct clinico-pathological correlation was observed between high MSI status with patient age, sex, tumour size, grade, stage and node involvement. However, a distinct correlation was observed with positive MSI status and elevated level of serum CEA (Table 1) . Kaplan-Meier survival analysis also indicated poor prognosis amongst patients with both MSI and high CEA (Fig. 1) , indicating their prognostic implication as CRC markers. Thus, to conclude, both CEA and MSI should be included as useful prognostic markers in predicting CRC, especially in the Eastern Indian population. p value-among groups ALP alkaline phosphatase, ALT alanine aminotransferase, TSB total serum bilirubin, S significant, NS non-significant
